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Research Focus



Research Objectives

Theoretical errors of PM10 and PM2.5 stack samplers 
when operating within EPA’s performance criteria.
Theoretical errors of PM10 and PM2.5 stack samplers 
when operating outside of EPA’s performance 
criteria.
Experimentally determine sampler errors

Sampler concentrations versus true concentrations
Stack sampler performance characteristics

Compare theoretical to experimental sampler 
errors.



PM10 Stack Sampler Performance 
Criteria
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Sampler Nominal Cuts
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Mass of particles < 10 
µm that are captured 
by the pre-collector 
(Mass 1)

Mass of the particles > 
10 µm that are NOT 
captured by the pre-
collector (Mass 2)

True Cut

Common Assumption:
Samplers produce a "nominal" cut,
because it is commonly assumed that
Mass 1 = Mass 2. In other words, the
errors offset one another.

The assumption is only valid when the
PSD's are described by a uniform
distribution and encompass a sufficient
range of particle diameters.

Uniform Particle
Size Distribution



Sampler Nominal Cuts
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Sampler Nominal Cuts

0.000

0.002

0.004

0.006

0.008

0.010

0.012

0.014

0 5 10 15 20 25 30

Particle Diameter (µm)

M
as

s 
D

en
si

ty

Ambient PM (Urban)
(MMD - 5.7 µm; GSD 2.25)

PM captured by the pre-collector
(Sampler Cutpoint - 10 µm; Slope 1.5)

Mass 2

Mass 1

Note: Mass 1 = 0.65 Mass 2



Sampler Nominal Cuts
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PM10 Cyclone Nominal Cut
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Theoretical Ratios of PM10 Sampler to 
True Concentrations (PSD – GSD = 2.0)
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Cutpoint = 11.0 µm; Slope = 1.79 Cutpoint = 10.0 µm; Slope = 1.9
Cutpoint = 9.0 µm; Slope = 1.87

Ratio range for a 10 µm MMD PSD
0.91 < Ratio < 1.08 (c < Ratio < d)
Acceptable PM10 sampler measurement to meet PLC
137 < x < 162 µg/m3 (Ratio * 150 µg/m3)

Ratio range for a 20 µm MMD PSD
1.0 < Ratio < 1.60 (e < Ratio < f)
Acceptable PM10 sampler measurement to meet PLC
150 < x < 240 µg/m3 (Ratio * 150 µg/m3)

a < ratio < b, c < ratio < d, and e < ratio < f are the acceptable ratio 
ranges for 5.7, 10 and 20 µm particles, respectively based on the 
interaction of the PM10 sampler performance characteristics and 
particle size distribution.

Regulated PM10 property line 
concentration (PLC) = 150 µg/m3
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Ratio range for a 5.7 µm MMD PSD
0.87 < Ratio < 1.0 (a < Ratio < b)
Acceptable PM10 sampler measurement to meet PLC
131 < x < 150 µg/m3 (Ratio * 150 µg/m3)
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Theoretical Ratios of PM10 Sampler to 
True Concentrations (PSD – GSD = 1.5)
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Cutpoint = 11.0 µm; Slope = 1.79 Cutpoint = 10.0 µm; Slope = 1.9
Cutpoint = 9.0 µm; Slope = 1.87

Ratio range for a 10 µm MMD PSD
0.89 < Ratio < 1.11 (c < Ratio < d)
Acceptable PM10 sampler measurement to meet PLC
134 < x < 167 µg/m3 (Ratio * 150 µg/m3)

Ratio range for a 20 µm MMD PSD
1.0 < Ratio < 4.57 (e < Ratio < f)
Acceptable PM10 sampler measurement to meet PLC
150 < x < 686 µg/m3 (Ratio * 150 µg/m3)

Regulated PM10 property line 
concentration (PLC) = 150 µg/m3
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Ratio range for a 5.7 µm MMD PSD
0.80 < Ratio < 1.0 (a < Ratio < b)
Acceptable PM10 sampler measurement to meet PLC
120 < x < 150 µg/m3 (Ratio * 150 µg/m3)

a < ratio < b, c < ratio < d, and e < ratio < f are the acceptable 
ratio ranges for 5.7, 10 and 20 µm particles, respectively based 
on the interaction of the PM10 sampler performance 
characteristics and particle size distribution.



Effects of Varying PM10 SPC
(PSD: MMD = 5.7 µm; GSD = 2.25)
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Slope = 1.2 Slope = 1.5 Slope = 2.0 Slope = 2.5

(a) Ratio = 0.93
Acceptable PM10 sampler measurement to 
meet PLC = 139 µg/m3 (Ratio * 150 µg/m3)
(b) Ratio =0.99 
Acceptable PM10 sampler measurement to 
meet PLC = 149 µg/m3 (Ratio * 150 µg/m3)
(c) Ratio = 1.05 
Acceptable PM10 sampler measurement to 
meet PLC = 159 µg/m3 (Ratio * 150 µg/m3)
(d) Ratio = 1.14
Acceptable PM10 sampler measurement to 
meet PLC = 171 µg/m3 (Ratio * 150 µg/m3)

(d) Cutpoint = 14 µm
     Slope = 2.0

Proposed PM10 property line 
concentration (PLC) = 150 µg/m3

(c) Cutpoint = 14 µm
    Slope = 1.2

(a) Cutpoint = 10 µm
     Slope = 1.2

(b) Cutpoint = 10 µm
     Slope = 2.0



Effects of Varying PM10 SPC
(PSD: MMD = 20 µm; GSD =1.5)
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Slope = 1.2 Slope = 1.5 Slope = 2.0 Slope = 2.5

(a) Ratio = 1.4
Acceptable PM10 sampler measurement to meet PLC = 204 µg/m3 (Ratio * 150 µg/m3)
(b) Ratio =4.4 
Acceptable PM10 sampler measurement to meet PLC = 666 µg/m3 (Ratio * 150 µg/m3)
(c) Ratio = 4.8 
Acceptable PM10 sampler measurement to meet PLC = 725 µg/m3 (Ratio * 150 µg/m3)
(d) Ratio = 7.5
Acceptable PM10 sampler measurement to meet PLC = 1,128 µg/m3 (Ratio * 150 µg/m3)

(d) Cutpoint = 14 µm
     Slope = 2.0

Proposed PM10 property line 
concentration (PLC) = 150 µg/m3

(c) Cutpoint = 14 µm
Slope = 1.2

(a) Cutpoint = 10 µm
     Slope = 1.2

(b) Cutpoint = 10 µm
     Slope = 2.0



Evaluation System



Evaluation System



Idria Gin Results

Coulter Counter Analysis (True)Source Sampling

0.16 %35.9 %2.7 e–40.058256.1 %0.08980.15952nd Pick
0.22 %40.8 %4.3 e–40.077163.1 %0.11920.18891st Pick

PM2.5/TSP 
Ratio

PM10/TSP 
Ratio

PM2.5
*PM10

*PM10/TSP 
Ratio

PM10
*TSP*Harvest

* Emission factors reported in lb/bale



PM10 Sampler to True PM10
Comparison Preview

True PM10 = 0.55 * Sampler PM10

R2 = 0.81
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Example

Assumptions
Method 201a is used to determine the emission 
concentrations emitted from two sources.

Cutpoint = 11 µm; Slope = 1.76.

Source 1 – emitting PM with a MMD of 5 µm and a 
GSD of 1.5 (power plant).
Source 2 – emitting PM with a MMD of 20 µm and 
a GSD of 1.5 (agricultural operation).
Both sources are emitting 100 µg/m3 true PM10.



Example

The Method 201a sampler at the power plant 
would measure 91 µg/m3.

Under estimation of 9%. 
The Method 201a sampler at the agricultural 
operation would measure 446 µg/m3.

Over estimation of 346%.
Therefore, the current method of regulating 
PM10 is inappropriate when applied to sources 
emitting large particulate matter.



Conclusions

From a scientific stand-point, ALL
institutions conducting air quality research 
on particulate matter should account for 
these substantial errors when determining 
emission factors for specific operations.



Conclusions

From a regulatory stand-point, ALL
INDUSTRIES and STATE AIR 
POLLUTION REGULATORY AGENCIES 
should be concerned with the errors 
associated with these site specific 
regulations.



Air Quality Research at the 
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Lubbock, TX
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